Introduction
The estimated adherence rates with inhaled corticosteroids (ICSs) vary between 30% and 70%. 1 These low adherence rates result in uncontrolled asthma and unnecessary hospitalizations, associated with decreased quality of life and school and work absenteeism. [2] [3] [4] Poor adherence is a complex problem that can be divided into intentional (consciously deciding) and unintentional (forgetting or not being able to use medicines) non-adherence behaviors. 5 Adherence rates decline during adolescence; studies report adherence rates of 50% at age 12, while rates ,20% are found at age 17. 6, 7 During this life phase, adolescents become more responsible for their own medication use, which can affect their medication intake behavior. 7 As adolescents perceive low necessity toward their medication use, 8 positively affecting adolescents' beliefs toward illness and treatment might result in increased adherence rates. [9] [10] [11] [12] The Common Sense Model of Self-Regulation (CSM) describes that illness perceptions and medication beliefs can affect adherence. 13 This model has been extensively 
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Kosse et al used to describe health behavior related to health threats.
14 It proposes cognitive and emotional representations toward the health threat, resulting in illness perceptions and medication beliefs, which affect health behavior (e.g., adherence). This is a continuous process, allowing modifications of the representations and coping mechanisms. 15 Therefore, affecting cognitive or emotional representations might result in a health behavior change.
Numerous interventions have been developed to increase medication adherence; however, study results are inconsistent and show low effectiveness for most interventions. 16 Interventions tailored to individual's needs are suggested to be more effective, because every individual might need a different approach to tackle his or her specific intentional and unintentional barriers affecting adherence. 17 Most existing interventions to improve asthma medication adherence are intended for adults or children, and interventions among adolescents with asthma are scarce. 16 To assess the specific needs and preferences of adolescents with asthma, we conducted a focus group study. In line with previous studies, this study revealed forgetting as a major reason for ICS non-adherence. [18] [19] [20] The adolescents who participated in the focus group study recommended a smartphone application (app) as an intervention to support self-management. Peer support and personalized medication reminders were suggested as important parts of this intervention. 21 In the Netherlands, 96% of the adolescents have a smartphone, 22 suggesting that an app might be an appropriate intervention for adolescents. Although different mobile self-management applications for asthma exist, most of these interventions are not specifically intended for adolescents. 23, 24 Therefore, the ADolescent Adherence Patient Tool (ADAPT) is developed. The aim of our study is to evaluate the effectiveness of the ADAPT intervention to improve adherence and asthma control in adolescents with asthma.
Methods and design

Study design
Effectiveness of the ADAPT intervention is studied in a community pharmacy-based cluster randomized controlled trial. Community pharmacies affiliated with the Utrecht Pharmacy Practice network for Education and Research (UPPER) are approached to participate in the study. 25 The participating community pharmacies are randomly divided into a control (6 months usual care) and an intervention group (6 months use of the ADAPT intervention; Figure 1 ). In the Netherlands, asthma usual care in pharmacies is defined as "regularly repeating the inhalation instruction and signaling of excessive bronchodilator or insufficient ICS use". 26 Patients meeting the inclusion criteria, described in the following, receive a postal invitation and informed consent from their community pharmacy. For patients younger than 16 years, both parents and the patient have to sign informed consent. Upon receiving the signed informed consent, the first online questionnaire (baseline measurement) is sent via e-mail. At the end of follow-up (after 6 months), the second online questionnaire is sent. Completion of the online questionnaires is monitored, and e-mail reminders are sent when needed.
Participants
The participating pharmacies are spread across the Netherlands (Figure 2 ). Adolescent asthma patients (aged 12-18 years) are selected from the pharmacy information system based on medication dispensing records. Adolescents who fill two or more prescriptions for ICS or ICS in combination with a long-acting beta-agonist (ICS/LABA) during the previous 12 months are eligible for inclusion. The asthma diagnosis is verified by the patient's general practitioner. The possession of a smartphone is an additional inclusion criterion for the ADAPT study. Patients who use ICS for indications other than asthma, have insufficient comprehension of the Dutch language, or are unable to take medication themselves are excluded.
Sample size
Medication Adherence Report Scale (MARS) scores are used to measure self-reported adherence at baseline and at the end 
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rationale and design of the AdAPt study of follow-up. 27 To detect a relevant difference (.1.5±4.0) in MARS scores with a power of 80%, a significance level of 95%, and accounting for 35% dropout, 151 patients per group (intervention and control) are required. As a cluster randomized design is used, a correction factor of 1.16 is needed, based on inclusion of 10 patients and variation of 0.25 per pharmacy. This results in a sample size of 175.2 patients per group; thus, a total of 352 patients have to be included. Based on previous experiences, we estimate that ~25-30 patients per pharmacy will meet the inclusion criteria; therefore, inclusion of 10 patients per pharmacy should be feasible.
Study outcomes
The primary study outcome is "medication adherence" based on patient's self-report (measured with the MARS at baseline and at the end of follow-up) and 5-year medication refill records. The secondary study outcome is asthma control. Moreover, asthma-related quality of life, medication beliefs, and illness perception are measured.
For all participants, data collection takes place through an online questionnaire at baseline (t=0) and at the end of follow-up (t=6). This online questionnaire contains questions regarding health-related quality of life (question derived from the RAND-36; developed by the RAND Corporation), 28 asthma and allergic rhinitis symptoms (Control of Allergic Rhinitis and Asthma Test [CARAT]), 29 asthma-related quality of life (Pediatric Asthma Quality of Life Questionnaire), 30 illness perception (Brief Illness Perception Questionnaire), 31 beliefs about medicines (Beliefs about Medicines Questionnaire-Specific), 32 and adherence (MARS). 27 The online questionnaire also contains sociodemographic questions. Additionally, 5-year medication history of pharmacy dispensing records is extracted from the pharmacy information system to calculate ICS refill adherence and to evaluate the use of concomitant medication. A cost-effectiveness evaluation will be conducted at the end of the study.
Process evaluation
During the study, the actual use of the intervention by pharmacists and patients (filling out questionnaires and viewing movies) is monitored. When patients wish to withdraw from the study, the reason for discontinuation will be registered. Pharmacists are regularly contacted to get feedback on the implementation of the intervention. At the end of the follow-up, both patients' and pharmacists' experiences, barriers/facilitators for further implementation, satisfaction with the intervention, and perceived effectiveness will be evaluated with a short online questionnaire.
AdAPt intervention
The ADAPT intervention consists of a smartphone app for patients, which is securely connected to a desktop application for health care providers, in this study the community pharmacist ( Figure 3) . Patients can download the ADAPT smartphone app, which is freely available in the App Store and Play Store. A password -provided by the patients' health care provider -is necessary to gain access to the full functionality of the app and to connect the app to the desktop application used by the patient's community pharmacist. This password entry ensures that solely participants of the intervention group can make full use of the app. To ensure the patient's privacy, data are securely sent to the database and a personally chosen password is needed to access the app. The app contains different functionalities to stimulate selfmanagement and improve adherence behavior.
• This app helps in monitoring symptoms, with the CARAT.
This questionnaire covers both allergic rhinitis and asthma symptoms ( Figure 4) . A total score between 0 and 30 can be obtained, where scores .24 indicate good disease control. The total score can be divided into two subscores: an allergic rhinitis subscore (items 1-4, score .8 indicates good control) and an asthma subscore (items 5-10, score $16 indicates good control). 29 Patients are asked to 
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Kosse et al complete the CARAT questionnaire at least every week, and they can generate a graphical display of their disease control over time. This may influence their emotional representation of their asthma and allergic rhinitis symptoms, which can modify illness perception and indirectly affect adherence. The pharmacist can also monitor the CARAT scores through the linked desktop application.
• Short movies about different asthma-related topics, such as medication use and asthma triggers, are available next to more lifestyle-oriented movies on how to cope with asthma in daily life, such as smoking, going to school, and performing sports. These movies have been made with active participation of asthmatic adolescents. Patients occasionally receive new movies during the study or upon request, since pharmacists have access to a movie database. Pharmacists can choose to send, for example, an inhalation instruction movie referring to the device that the patient is using. The short movies are an age-specific way to counsel patients and can affect the cognitive representation of asthma and medication use, which might result in increased adherence rates.
• Medication reminder alarm, which is adjustable to the patient's preferences (timing and number of alerts) to prevent forgetting, i.e., unintentional non-adherence, is provided. During the last week, because of your asthma/rhinitis/allergy, how many times, on average, did you experience: • This app contains a peer chat function to contact peers participating in the ADAPT study. The peer chat function gives the opportunity to share experiences and support each other; this might relieve the feelings of being different and unfairness, 33 which affect their emotional representation of asthma.
• This app has a pharmacist chat function to ask questions and facilitate easy access of information and guidance for the patient. Pharmacists are in the right position to recognize medication-related problems and counsel patients on their medication use; in the Netherlands, every patient is registered at a pharmacy and counseling is obligated when medication is dispensed for the first time. Usually, there is limited contact between pharmacists and adolescents since the parents often collect prescriptions at the pharmacy. 34 The pharmacist chat might bridge this gap, because it facilitates direct contact between the pharmacist and the adolescent. The patient's general practitioner will be contacted when pharmacists notice disease-related problems, thereby adolescent's access to health care providers will be improved.
• Two questions focusing on adherence (forgetting and intentionally skipping a dose) will appear randomly once every 2 weeks to gain insight into the adherence behavior. Hereby, pharmacists have an indication of the type of non-adherent behavior.
Pharmacists receive a desktop application: ADAPT Asthma PRO. After permission of the patient, the pharmacist is able to receive data and send information to the patient's app. The desktop application consists of the following elements:
• Overview of patient data, such as the patient's app use (activity and movies seen) and the CARAT symptom scores, graphically or in a table format. Pharmacists receive e-mail alerts when a patient's CARAT score is below the threshold. They can adjust the threshold, contact the patient, or inform the general practitioner when needed.
• Chat function to contact the patient about their CARAT score, their medication use, or their app use.
• Movie database, containing short movies covering different topics. The pharmacist has the opportunity to send specific movies to a patient, based on individual needs.
• Possibility to adjust settings of the individual patient app, such as the CARAT threshold, CARAT reminder interval, and the available movies for the patient.
• Communication protocol that supports pharmacists to interact effectively with adolescents.
All participating pharmacists receive a half-day training about asthma and medication use by adolescents, including tips for communication with this patient group. They also receive (on the spot) training and a manual on how to use the desktop application.
Ethics approval
The study is approved by the Medical Review Ethics Committee of the University Medical Centre Utrecht (NL50997.041.14) and by the Institutional Review Board of UPPER, Department of Pharmaceutical Sciences, Utrecht University. The trial is registered at the Dutch Trial Register (NTR5061). All participants have to complete informed consent before the start of the study.
Discussion
We developed the ADAPT intervention -based on results of our previous focus group study and findings from literature -to improve adherence rates and asthma control in adolescent asthma patients. Effectiveness of this intervention is studied in a community pharmacy-based cluster randomized controlled trial.
Unlike most existing interventions, [35] [36] [37] the interactive and adjustable ADAPT intervention consists of more than one element, targeting several aspects of non-adherence, thereby optimally supporting asthma self-management of individual patients. Previous studies showed that educational interventions alone are insufficient and that incorporating a behavioral component might increase the efficacy of adherence-enhancing interventions. 17 Therefore, the ADAPT intervention combines different components to positively affect medication intake behavior, e.g., educational movies, a medication reminder, insight in recorded symptoms, easy access to health care providers, and a peer chat function. Based on the CSM, important characteristics for a patient-centered intervention are structured, flexible, and stimulate self-regulative control, 15 which are all applicable to the ADAPT intervention.
Development of the ADAPT intervention was based on needs and preferences of the target group 21 and was tested by a small group of adolescents before start of the study. Moreover, the intervention is easy to implement in adolescent's daily life as most adolescents have a smartphone and continuously carry it with them. The app enables adolescents to independently manage their medication use, without the involvement of their parents.
Effectiveness of the intervention will be studied in daily practice in order to identify patient groups who 
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Kosse et al benefit most. Therefore, the intervention is designed for all adolescents with asthma, regardless of their adherence level, disease severity, or disease control. This heterogeneity might limit the effectiveness of the intervention, since there is less to achieve in well-controlled asthma or adherent patients.
We aim to stimulate a uniform implementation of the intervention through training of pharmacists and a structured communication protocol to be used in the desktop application. However, pharmacists may differ in their ability and motivation to properly use the ADAPT intervention for support and counseling of adolescents. On the other hand, these differences in counseling also represent differences in daily patient care between pharmacies and thereby increase external validity. To account for this, we will evaluate the actual delivery of the intervention.
Another limitation is the voluntary usage of the app; when patients (in the intervention group) have access to the app, we asked them to complete the CARAT questionnaire at least every week. However, it is up to the patient to use the app. To prevent nonuse, pharmacists receive the instruction to contact patients (e.g., via the chat function), when they rarely use the app. At the end of the study, we will ask patients about reasons for (not) using the app.
Although study outcomes are mostly based on patient's self-report, validated questionnaires are used. Self-reported adherence is likely to result in an overestimation, and therefore, adherence is also calculated from 5-year medication refill records.
Conclusion
Asthma affects millions of patients worldwide, and several studies have shown insufficient adherence rates resulting in poorly controlled asthma and decreased quality of life. [2] [3] [4] It is therefore important to increase adherence. The ADAPT study will show whether a tailored smartphone app for adolescents with asthma is effective in improving adherence and disease control. In addition, the study will give detailed information on the implementation of a mobile health intervention in adolescents. These insights will also be useful for the development of mobile health interventions for adolescents with other chronic diseases. Liset van Dijk received funding for studies not related to this one from Pfizer, BMS, and AstraZeneca. She was an advisor for a study on asthma education adherence improvement that was partly funded by GSK and ZonMw.
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